Introduction
Earlier work by the authors strongly to changing the level and distribution of regions of a country [Abel and Easter, 1971; Easter, 1972; and Easter and Singh, 1974] . Recent work by Herdt, De Datta and Neely [1975] strongly supports this view. Agricultural development efforts can be improved if the relevant constraints within agricultural regions of a country are properly identified and development programs are focused on removing these constraints.
Qualitative and quantitative differences in resource endowments among regions will dictate different types of technological development as well as different development strategies.
The focus of this analysis is to measure, by use of production functions, the contribution to total output of not only the quantity of traditional inputs (land, labor, fertilizer, etc.) , but also the quality of certain inputs, particularly irrigation; technology; environmental factors (soil types, rainfall, etc.); and infrastructure (transportation, markets, etc.) . One would like to make use of the entire time series of cross section data. However, trying to explain productivity differences among districts using only the above variables would undoubtedly lead to seriously biased estimates because (1) some of the above variables, such as land and irrigation, do not reflect variations in the quality of these inputs and (2) there are other factors specific to each district which are not reflected in the above data and for which time series data do not exist,
We employ a three-stage procedure to improve the specification of the estimated production functions. The first stage involves estimation of production functions from the time series of cross-section data using an error components model. This model enables us to calculate regional effects fox the districts which represent systematic variation in productivity levels among districts not explained by variations in the inputs used in the error components model. The calculated summary measures of the effect on output of factors error components model. In the second stage we try regional effects are not included in the to explain variations in regional effects by a variety of factors not included in our original production function. Finally, the original production functions are respecified to include these additional factors and then re-estimated for time periods when data on more of the relevant variables are available.
Definition of Variables
Value of total crop output: Annual total value of crop output in each district in terms of 1959/60-1961/62 average prices, in thousand rupees.
Crop area: Annual gross cultivated area (hectares) in each district.
Irrigation: Annual gross irrigated area (hectares) in each district.
Fertfllzer: Total metric tons of N, P, and K used annually in each district.
This measure is an unweighed sum of the three nutrients. 
Regional Effects
In analyzing a time series of cross-section data, one can employ an error components model to isolate effects which are specific to a region and relatively time-invariant. These effects would normally be captured in either the error term or the coefficients of the nonregional specific variables in ordinary regressions applied to the total set of data. The error components model is discussed and applied by Balestra and Nerlove [1966] , Nerlove [1971a Nerlove [ , 1971b , Schultz [1969 Schultz [ , 1973 The values of the R2 are much lower for the transformed regressions. This is to be expected since much of the variance explained by the OLS regressions is included in the calculated regional effects. The logarithmic value of the regional effects would enter the transformed regressions as multiplicative constants in estimating the logarithm value of district outputs. The regional effects represent the region-specific, time-invariant components of the model. The calculated actual values of the regional effects are given in the appendix. For both the wheat and rice regions the ranking of districts by the value of the calculated regional effects corresponds very closely to the ranking of districts by either output per hectare or by the importance of a district measured in terms of its contribution to total national production of either wheat or rice as calculated by Easter [1972] and Easter and Abel [1973] . t-values in parentheses * Significant at the 1 percent level (two tailed test) ** Significant at the 5 percent level (two tailed test) *** Significant at the 10 percent level (two tailed test)
In the wheat region the coefficients in the transformed regression are lower, except for labor, than the OLS coefficients.
While irrigated area is significant in the OLS equation, it is not when the transformed regression is used.
In the rice region both the magnitude and significance of the coefficients differ between the OLS and the transformed regressions. Use of the transformed variables increases the coefficient of land , reduces and results in a negative but nonsignificant coefficient for irrigated area, reduces the size and significance of the fertilizer coefficient, results in a negative and significant coefficient for tractors, and increases and makes positive the coefficient of labor.
Much of the effect of omitted variables on output should be captured in the calculated regional effects. However, a measurement problem may remain with the labor variable. The variable represents the stock of labor available fn each district, not the amount of labor actually used. It may not be too unreasonable to assume that in some cases the difference between labor available and labor actually used is negatively related to output per hectare; i.e., high productivity districts make fuller use of available labor than low productivity districts.
To the extent that the labor variable
is measured with systematic error, the estimated coefficients of the regressions would be biased.
The reason for the negative but significant coefficient for tractors in the rice region when the transformed variables are used is not obvious.
It is also hard to explain the negative but insignificant coefficient for irrigated area except that possibly the area irrigated is negatively related to the qual~ty of irrigation.
The next task is to describe what factors account for the regional effects. The regional effects were regressed on a number of variables thought to be important determinants of productivity (see table 2 ). The regressions are linear in the actual values of the variables. In the wheat region, about 50 percent of the variation in the calculated regional effects is accounted for by tubewells, a measure of the quality of irrigatione~l Differences in soil type also appear to be significant as is total rainfall. The negative coefficient of the latter variable is due to the fact that irrigation is more highly developed in the drier parts of the wheat region. The positive soils coefficients indicate that black and alluvial soils are more productive than red soils in the wheat region.
Several other variables were examined for the wheat region but were found to be statistically nonsignificant or so highly correlated with other independent variables as to result in statistically insignificant estimates of some of the coefficients. Work animals did not have a significant coefficient. Surfaced roads were not an important variable. This is probably because most of the wheat region had a reasonably well developed system of roads during the period of analysis. December and January rainfall were also examined, this being the important rainfall period for nonirrigated wheat. Again, the results were not too promising. A measure of research expenditures by district, developed by Robert Evenson, was tried.
This variable, too, was not significant. Finally, area planted to high yielding varieties of wheat was tried as an independent variable but was insignificant because it is highly correlated with fertilizer and particularly tubewells.
In the rice region a somewhat different set of variables are important in explaining variation in regional effects, accounting for about 80 percent Most of the irrigation in the eastern rice region is surface irrigation.
Easter [1974] has shown that the quality of surface irrigation systems is important in determining agricultural productivity. Unfortunately, data
are not available to measure either variations in the quality of surface irrigation or in the number of tubewells. Instead, we used the number of pumpsets as a measure of the quality of irrigation. This variable was statistically significant in explaining variation in regional effects.
The alluvial soils dummy is statistically significant but negative while the red-coastal alluvial one is negative and nonsignificant. This indicates that the alluvial soils are less productive than the red soils in the rice region.
Total rainfall is significant as are June and October rainfall, with results for only June and October rainfall reported in table 2. This is to be expected since rice production is heavily dependent on rainfall conditions. Even in the irrigated areas, most irrigation systems back significant reservoir capacity and are heavily dependent on rainfall, diverting stream flows to farmers' fields. The number of work animals is also a significant factor but is negatively related to the regional effects.~'
Reformulated Production Functions
The insights gained from the analysis of regional effects are used to reformulate the original production functions. The regression results presented in tables 3 and 6 stand by themselves.
The coefficients are not comparable to the results presented in table 1.
It is important to note that most of the variables which are important in explaining production and regional differences in productivity in tables 1 and 2 are also important in the reformulated functions.
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As mentioned earlier, data are not available on tubewells so we could ?4
period. The absence of roads has the effect of raising input prices paid by farmers and lowering output prices received by them due to higher transportation costs. As Easter and Singh [1974] point out, these price relationships are unfavorable to the use of modern inputs such as fertilizer, and they retard tubewell development, especially where electricity is not available and diesel fuel has to be used.
Fertilizer use makes a significant contribution to production. The availability and price of fertilizer and their relationship to infrastructural development (roads and marketing facilities) appear to be important considerations in increasing production in this region. (3) and (7) and (4) and (8), respectively, were different, yielded calculated values of the F-statistic of 1.88 for the comparison of regressions (3) and (7) The results basically show a consistently slow rate of technical change and a decline in the price of fertilizer relative to rice. The ratio of the wholesale price of rice to the wholesale from .75 to 1.24, or an increase of 65 percent during studied.
price of urea went the period being
Conclusions
We have shown that factors other than traditional inputs unadjusted for quality differences are important in explaining agricultural productivity differences within and among regions of a country. Identification of these additional factors is important for sharpening the focus of planning and development efforts and increasing the productivity of development resources by directing them at easing the binding constraints to increased output.
Some factors influencing productivity are fixed in nature and little can be done to alter their supply or quality. This would be basically true In the eastern rice region somewhat different constraints appear to be binding during the period covered by our study. The development and adoption of improved varieties of rice were not widespread. Development efforts should be (and are being) directed toward the development of high-yielding varieties of rice adapted to local ecological conditions. Attention should also be paid to improvmg roads and related market structures in the eastern rice region. Development efforts along these lines would increase the profitability of new crop technology and the use of supporting inputs and speed the~r adoption and increases in productivity. In separate analyses , it has also been shown that there are very hi~h social and private returns from improving the quallty of canal irrigation systems. However, the Government of India does not appear to give high priority to Improving the quality of existing irrigation systems.
The usefulness of the foregoing analysis is illustrated by the work of Spriggs [1976] . Using data from table 6 together with other relevant information, he estimates benefit-cost ratios in the neighborhood of 8:1
for expanding the kilometers of surfaced roads in the Eastern Rice Region; a handsome social rate of return, indeed. Furthermore, the assumptions used by Spriggs are purposely designed to yield conservative estimates of the calculated benefit-cost ratios. Similar analyses could be carried out with respect to other investment possibilities in each of the regions to determine the socially most productive investments.
In our approach we have tried to disaggregate our analysis of agricultural productivity growth using the district as the basic unit of observation.
As we have done m earlier work, we can combine these districts into relatively homogeneous sub-regions with respect to the constraints to increasing output, although there still may exist much variation among the important constraints and the quality of factors within each sub-region. Further disaggregation may be highly desirable to account for the remaining variability in productivity within regions and to better identify the binding constraints. The work by Herdt, De Datta, and Neely [1975] 
